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OBJECT 

The  objeot  of  this  study  was  to  Investigate  tho  temporary  and 
cumulative  effeots  of  exposure  to  bright  sunlight  on  night  vision. 

.SUMMARY 

1*  Exposures  to  ordinary  sunlight  produce  temporary  and 
oumulative  effeots  on  night  vision.  A single  exposure  of  two  or  three 
hours  delays  the  onset  of  rod  dark  adaptation  by  ten  minutes  or  more, 
and  slows  the  prooeaa  itself  so  that  the  normal  night  vision  threshold 
is  not  reached  for  several  hours. 

2.  After  repeated  daily  exposures  to  sunlight,  the  delay  in 
reselling  the  normal  threshold  persists  overnight.  The  threshold,  after 
complete  dark  adaptation,  rises  higher  eaoh  day  for  about  ten  days. 

It  then  remains  at  the  higher  level. 

3.  This  elevated  threshold  corresponds  to  an  average  deter- 
ioration of  about  fifty  per  cent  in  visual  aouity,  range  of  visiblity, 
eontrast  discrimination,  and  in  the  frequency  of  ploking  up  a target 
when  it  is  barely  visible.  The  effect  shows  considerable  individual 
variation,  but  the  average  loss  in  night  vision  is  nearly  the  same  as 
is  suffered  by  flying  at  12,000  feet  at  night  without  oxygen. 

4.  This  ohronio  effeot  does  not  disappear  even  after  ten  days 

of  protection  from  sunlight. 

6.  Sunglasses  should  be  used  by  all  persons  who,  while 
working  in  bright  sunlight  during  the  day,  will  be  expected  to  perform 
critical  night  duties  soon  afterward.  Adequate  sunglasses  are  those 
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whioh  t ran  emit  at  most  tan  par  cant  of  tha  visible  light  j however,  for 


general  sarvica  conditions  this  nay  hava  to  be  raised  to  10  to  1$£  trans- 
mission* 
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I.  BACKGROUND 

Reports  from  North  Africa  and  tha  South  Pacific  hava  suggested 
that  night  vision  deteriorates  after  exposure  to  tha  strong  sunlight  on 
beaches , eater,  and  particularly  on  coral  islands.  These  reports  have 
been  confirmed  by  the  study  of  fifty  cases  of  night  blindness  in  the 
Turkish  Army,  apparently  due  to  bright  light  (Dorman,  1943s  of.  also 
McCartney,  1943). 

To  test  such  effects  several  English  investigators  worked  one 
day  on  the  roof  of  the  National  physical  Laboratory  at  Teddington, 
England,  and  compared  the  speed  of  their  dark  adaptation  after  exposure 
to  a standard  illumination  with  a similar  tost  after  staying  indoors  on 
a dull  day.  They  found  no  significant  difference  (A.R.L.,  Teddington, 
1943).  However,  these  negative  findings  are  not  surprising  because 
(a)  Teddington  oan  hardly  be  considered  a very  sunny  location,  and  (b) 
roof  t'pa  generally  are  not  regions  of  high  reflectance. 

In  view  of  this,  and  of  the  persistence  of  reports  from  the 
8outh  paoifie,  we  decided  to  reinvestigate  the  whole  question. 

The  problem  is  three-fold.  First,  is  the  onset  of  dark  adapta- 
tion dalayad  after  exposure  to  bright  sunlight?  Second,  is  the  process 
slowed  up  so  that  the  threshold  is  still  above  normal  even  after  an 
hour  or  two  in  darkness?  Third,  is  the  effect  of  daily  exposire  cumu- 
lative? 
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The  first  sspeot  of  this  problem  may  be  answered  in  terms  of 
previous  information*  The  speed  of  dark  adaptation  is  strongly  in- 
fluenced by  the  brightness  of  the  preoeding  light  adaptation  (Winaor 
and  Clark,  1936;  Bscht,  Haig,  and  Chase,  1937;  »ig,  1941).  Thus 
after  light  adaptation  to  a hundred  millilamberts , the  rod  portion  of 
dark  adaptation  appears  almost  at  once,  whereas  after  light  adaptation 
to  40,000  millilamberts,  rod  adaptation  does  not  become  evident  for  12 
minutes.  However,  this  aspect  of  tho  phenomenon  is  probably  not  impor- 
tant in  military  work  since  it  is  rare  that  any  one  needs  to  beooae 
dark  adapted  invT<ediately  after  ejqtosure  to  high  light  intensities. 

Previous  work  also  shews  that  after  light  adaptation  to  high 
Intensities  the  final  threshold  my  be  delayed  out  of  all  proportion  to 

the  delay  of  the  onset  of  rod  adaptation.  For  instance,  40  minutes  after 

*****  , ; 

exposure  to  approximately  40,000  millilamberts  the  eye  is  still  about 
0.3  log  unit  above  its  normal  final  threshold  (Hecht,  Haig,  and  Chase, 
1937,  Fig.  2).  However,  these  data  are  fragmentary,  and  additional 
measurements  are  needed.  No  data  on  the  cumulative  effect  of  sunlight 
are  known.  7fo  therefore  decided  to  find  out  how  long  the  final  thres- 
hold remains  above  normal  after  exposure  to  sunlight,  and  whether  such 
effects  accumulate  when  people  are  exposed  to  sunlight  day  after  day. 

II.  APPARATUS  AMD  METHODS 

The  arrangements  for  the  experiment  were  simple.  Two  commun- 
icating rooms  were  nade  completely  light-proof  and  supplied  with  ade- 
quate ventilation  by  means  of  a blower  and  ducts.  One  served  as  a ready 
room,  the  other  as  a testing  room.  Entraiioe  to  the  ready  room  from  the 
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out  or  hallway  is  by  mean*  of  a naze  light-trap.  The  room  was  illumin- 
ated with  very  dim  red  light,  and  had  14  comfortable  chairs  for  the  sub- 
jects to  sit  in  while  becoming  dark  adapted.  The  entrance  from  this 
ready  room  to  the  testing  room  was  through  a mate.  The  testing  room 
had  a few  benches  to  reoeive  the  subjects  awaiting  their  turn  at  the 
instruments. 

The  measurements  were  made  with  two  Eeeht-Shlaer  Adapt ometers, 
Model  3,  such  as  are  in  regular  use  by  the  Royal  Canadian  Navy.  Both 
were  arranged  to  measure  the  binocular  threshold  of  a retinal  area 
7°  above  the  fovea  and  3°  in  diameter  flashed  for  l/5  second.  One 
instrument  used  only  blue  light  of  dominant  A.  480  auj  the  other  used 
white  light.  Since  the  intensities  are  given  as  aticro-microlamberts 
in  terms  of  photopic  brightness,  the  threshold  values  on  the  two  instru- 
ments will  not  be  the  same  because  of  the  Pur  kin  je  phenomenon.  We 
made  many  comparisons  of  the  thresholds  of  the  sane  people  on  both 
instruments,  and  found  the  average  threshold  to  be  1.20  log  units 
higher'  on  the  white  instrument,  with  little  variation  from  this  average. 
All  measurements  in  this  report  will  be  referred  to  the  blue  instrument 
regardless  of  which  instrument  was  used  in  the  experiment.  With  only  a 
very  few  exceptions,  a subject  was  always  measured  with  the  same  instru- 
ment. 

In  determining  a threshold  the  operator  controls  the  bright- 
ness of  the  stimulus  by  means  of  a neutral  wedge,  while  the  subject  oper- 
ates the  shutter.  The  wedge  is  first  set  to  give  a brightness  about  1 
log  unit  above  threshold.  TMs  is  seen  by  the  subject,  and  the  brightness 
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is  then  reduced  in  steps  of  O.S  to  0.2  log:  unit,  until  he  toils  to  see 
even  s feint  flesh  of  light.  YTith  the  threshold  roughly  determined  in  this 
way,  the  operator  veries  the  brightnas*  in  a .random  way  above  and  below 
the  threshold,  always  by  even  tenths  of  a lag  unit.  The  point  at  which 
about  3 out  of  6 exposures  are  deteoted  as  flashes  or  light  is  ohosen  as 
the  thresh  •'ll. 

The  following  sample  case  will  illustrate  the  procedure. 

At  2.4  log  uul  the  aubjeet  saw  2 out  of  2 flashes j at  2.3,  3 out  of  St  at 
2.2,  2 out  of  4j  at  2.1,  1 out  of  4;  and  at  2.0,  0 out  of  2.  The 
threshold,  as  defined,  obviously  lies  between  2.2  and  2.3;  in  this  oasa 
it  is  nearer  2.2,  which  is  therefore  ohosen. 

After  a minute's  rest,  the  procedure  is  repeated  and  the 
threshold  redetermined.  Usually  the  two  ttgreod  to  0.1  log  unit. 
Occasionally,  the  difference  between  the  to  measurements  was  greater 
than  0.1  log  unit;  more  determinations  were  made  after  a longer  rest, 
until  a satisfactory  threshold  was  obtained. 

III.  TUB  COURSE  OF  DARK  ADAI'TaT IO.i  rOLLOVlKO  5RIS1TT  OUTDOOR  I.ICHT 

Preliminary  to  the  work  at  Camp  l.ejeune,  experiments  were 
conducted  in  New  York  on  the  effect  on  dark  adaptation  of  exposure  to 
bright  sky.  The  subjects  were  adapted  by  looking  at  tho  sky  for  periods 
.of  from  4 minutes  to  an  hour.  Previous  to  this,  in  somo  cases,  the 
subjects  were  sent  outdoors  for  2 hour6,  with  instructions  to  look  at 
the  sky  as  muoh  as  possible.  The  brightness  varied  from  3,000  to  12, COO 

a 

millilamberts,  the  limiting  factor  being  the  subject's  ability  to  look 
at  the  light  without  undue  pain.  One  o ve  only  was  usually  adapted  in 


to  look  at  brighter  light,  "onocular  observation  mi  posalblo  because 
tha  Bsobt-Shlaer  Modal  1 Adapt ornate r was  used.  Seven  subjects  were 
measured,  giving  a total  of  12  dark  adaptation  curves,  axtaadlag  from 
ona  mlauta  to  at  least  2 houra  in  tha  dark.  Both  rod  and  oona  three- 
holds  wara  obtainad. 

At  Camp  La  jaune , a furthar  study  of  comparatively  short  ex- 
poauras  to  bright  light  was  made,  ling  5 subjects  in  a total  of  IS 
axparimaots.  tha  brightnass  of  tha  sky  to  which  tha  subjacts  waro 
adapt  ad  variad  from  3,500  to  16,000  millilamberts , and  tha  tima  from 
2 to  35  minutas.  Tor  comparison,  dark  adaptatiaa  curves  ware  obtained 
aftar  axposura  to  5 and  to  50  millllanbarts  for  short  periods  of  tima. 
In  aach  easa,  tha  threshold  aftar  1 hour  dark  adaptation  was  obtained 
before  tha  start  of  tha  light  adaptation  experiment.  If  tha  subjacts 
had  to  be  outdoors  before  this  initial  measurement , they  wore  rad 
goggles  to  prevent  uncontrolled  axposura  to  high  brightness. 

In  fig.  1 are  shown  the  significant  parts  of  four  representa- 
tive dark  adaptation  curvas  with  ona  subject;  because  of  tha  long  time 
intervals  tha  abscissas  are  on  a logarithmic  scale,  and  tha  early  por- 
tions of  tha  data  have  bean  < itted.  Since  tha  measurements  wara  made 
on  different  days,  tha  curves  are  adj  stad  so  that  tha  initial  thres- 
hold before  light  adaptation  is  tha  sane  for  all,  !7ote  that  after  60 
minutas  light  adaptation  to  50  millilambarts,  recovery  is  oonplete  after 
40  minutas  in  the  dark,  whereas  even  a two  minute  axposura  to  7,000 
millilambarts  prolonged  tha  recovery  time  by  at  laast  10  minutes.  After 
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FIG.1  DARK  ADAPTATION  AFTER  EXPOSURE  TO  BRIGHT  SKY 
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light  adaptation  for  15  minutes  to  6,000  nil  1 Humberts , it  took  over  two 
hours  for  the  yes  to  recover  completely.  And  after  a SO  minute  adapta- 
tion to  3,500  millilamberts  it  was  over  5 hours  before  the  threshold 
returned  to  normal. 

Table  I summarises  the  main  features  of  the  Camp  lejeuae  and 
the  New  York  experiments.  Sinoe  different  subjects  were  used  in  the 
various  tests,  and  there  is  considerable  individual  variation,  the  re- 
sults for  different  times  and  brightness  are  not  directly  comparable. 
However,  it  is  dear  enough  that  after  exposure  to  bright  skylight  dark 
adaptation  is  considerably  delayed.  Par  from  being  over  in  30  minutes, 
dark  adaptation  may  not  be  complete  for  two  hours.  Ar.  average  of  all 
the  measurements  in  Table  I shows  that  after  30  minutes,  the  threshold 
is  0.46  log  unit  ibove  normal;  after  an  hour  it  still  has  0.20  log  unit 
to  go;  and  even  after  two  hours  the  threshold  is  still  0.1  log  unit  above 
normal.  Those  values  in  log  units  correspond  to  the  threshold  being 
200,  60,  and  26  per  cent  above  normal. 

IV.  PRELIMINARY  EXPERIMENTS  OH  PROLONGED  EXFOS'JRS  TO  SUNLIGHT 

These  results  are  supported  by  measurements  rede  at  Camp  Le- 
jeune  early  in  September  preliminary  to  the  main  experiments  to  be  de- 
scribed in  the  next  section  of  this  report.  Bach  subject  had  his  thres- 
hold measured,  usually  in  the  morning,  after  one  hour  dark  adaptation. 

The  group  vs  then  transported  to  Hew  River  Inlet  on  the  Atlantic  Ocean, 
and  spent  several  hours  on  the  beach  in  the  sunlight.  No  special  routine 
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was  provided,  except  that  the  subjects  were  requested  not  to  shut  their 
®yes  or  avoid  the  glare.  After  two  to  five  hours  the  group  returned  to 
the  laboratory  and  immediately  entered  the  ready  room.  Eaoh  subjeot 
was  then  tested  after  various  lengths  of  time  in  the  dark.  The  subjects 
then  left  the  building,  but  wore  red  goggles.  They  returned  later,  and 
were  again  measured  after  an  hour's  dark  adaptation.  With  four  groups 
we  were  also  able  ne:t  morning  to  measure  the  final  threshold  after  one 
hour  of  dark  adaptation. 

Table  II  gives  the  results.  It  contains  the  number  of  eub- 
jects  in  each  group,  the  time  of  exposure,  and  the  average  brightness 
of  sky,  water,  and  sand.  The  results  are  stated  as  the  average  rise  in 
threshold  compared  to  the  threshold  before  exposure  following  a dark  roam 
stay  of  an  hour.  It  is  olear  that  exposure  to  sunlight  delays  the  course 
of  dark  adaptation.  After  an  hour  the  threshold  is  still  between  0.12 
and  0.27  log  unit  above  normal,  and  there  seems  to  be  some  residual 
effeot  even  after  several  hours , and  perhaps  even  overnight. 

V.  FINAL  EXPERIMENTS  AT  CAMP  LSJBP8B 
After  these  measurements,  we  set  up  a series  of  systematic 
experiments  to  determine  whether  daily  exposure  to  sunlight  produced 
any  cumulative  effects  on  night  vision.  The  experiments  involved  two 

l 

groups  of  men)  one  was  protected  from  sunlight  and  served  as  oontrols, 
while  the  other  was  exposed  daily  to  sunlight  for  comparison.  At  reg- 
ular  intervals  the  thresholds  of  the  men  were  determined  after  an  hour 
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of  dark  adptetion.  It  was  soon  apparent  that  thar*  was  indeed  a cumu- 
lative effeot  of  the  daily  exposures. 

1 • Prooedure 

VPs  worked  with  51  volunteers  from  a group  of  petty  offioere 
in  the  Coast  fluard  detachment  at  Camp  tejeune.  A larger  number  of  men 
had  their  thresholds  measured  on  two  successive  days i we  then  elimin- 
ated those  with  poor  night  vision,  and  those  who  were  poor  observers. 
The  remaining  51  were  divided  into  two  sections. 

One  group  of  20  men  was  kept  at  indoor  tasks  to  prevent  ex- 
posure to  bright  light.  They  were  issued  red  dark  adaptation  gogglaa, 
which  they  wore  whenever  they  went  outdoors  during  the  day.  Saturday 
afternoons  and  Sundays  they  were  free  to  go  outdoors  more  often,  but 
were  inatruoted  to  weer  goggles  as  muoh  as  possible.  This  group  served 
as  a control. 

The  other  group  of  51  men  was  sent  outdoors  every  day  exoept 
Sunday  to  the  beach  near  New  River  Inlet,  on  the  Atlantic  Ooean.  On 
sunny  days  naar  noon,  the  illumination  was  about  10,000  f t-oandlos* 
but  beeauee  the  sand  was  rather  dark  — having  a reflectance  of  0.5  at 
best  — the  brightness  of  the  beach  was  less  than  5,000  millilambsrts. 
Viewed  from  the  beach  the  water  was  usually  darker  than  the  sand.  The 
eky  varied  from  about  500  to  15,000  mill ilamberts  depending  on  the 
woather  and  on  the  position  of  the  sun.  At  the  beach  the  men  played, 
swam,  or  walked.  They  did  not  close  their  eyes , or  protoot  them  from 


the  light  in  any  way.  During  the  first  two  weeks  the  men  were  exposed  ' 

to  the  sun  for  about  4 hours , of  whioh  2 hours  were  spent  in  an  open 
boat  going  to  and  from  the  beaoh.  The  boat  left  at  9tSO,  returning  at 

Ili30  for  dinner*  The  men  then  went  out  again  about  1x16,  returning  at  \ 

I t 

3(30*  Later  arrangements  were  made  for  the  noon  meal  at  the  beaoh, 
and  the  subjects  thus  had  about  C hours  exposure,  of  whioh  only  1 was 
spent  in  transit* 

It  was  not  possible  to  measure  all  the  men  every  day.  The 
two  groups  were  therefore  divided  into  three  sections  each,  and  the 
measurements  were  rotated  for  the  sections.  Calling  the  sunlight 
sections  XI,  X2,  and  X3,  and  the  indoor  sections  cl,  C2 , and  C3  we  »r» 
ranged  the  following  sequenoe.  Sections  Xl  end  Cl  wore  neaaurod  Monday 
morning,  I’ondny  afternoon,  and  Tuesday  morning.  Sections  X2  and  C2 
were  measured  Tuesday  morning  and  after. non  and  Ttodnesd -y  morning. 

Sections  X3  and  C3  were  measured  Wednesday  morning  and  afternoon  and 
Thursday  morning.  It  was  then  again  the  time  for  Xl  and  Cl,  and  they 
were  measured  Thursday  morning  and  afternoon  and  Friday  morning.  Fri- 
day morning  X2  and  C2  were  again  measured  and  the  routine  continued. 

Thua  each  section  was  measured  twice  a week  in  the  sequenoe  morning- 
afternoon-morning. 

The  eubjeots  were  dark  adapted  for  one  hour  before  their 
thresholds  were  measured.  During  tho  last  10  days  thresholds  were  i so 
taken  after  lA  hour  of  adaptation.  In  ths  afternoon,  after  the  measure 
menti  of  the  sunlight  subjects,  they  left  for  supper,  but  wore  their  red 
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goggles,  and  returned  inmed lately  for  another  hour  of  dark  adaptation 
and  another  measurement.  The  next  morning,  l/Z  hour  and  1 hour  thresholds 
mere  also  obtained.  Thus  the  reoovory  from  exposure  could  be  moasured  at 
1/fe  hour,  1 hour,  S hours,  and  17  hours. 

These  prooedurea  began  September  and  continued  through  Sep- 
tember SO.  After  the  morning  measurements  on  September  SO,  the  indoor 
and  sunlight  groups  were  exchanged.  The  men  who  had  been  going  outdoors 
emery  day,  *..a  X group,  now  remained  indoors.  The  c group,  on  the  other 
hand,  took  off  their  goggles  and  went  outdoors  on  the  beach.  This  con- 
tinued until  Ootober  10  when  the  experiment  was  terminated.  The  measure- 
ments of  the  whole  experiment  are  given  in  the  Appendix* 


2 . Cumulat  ive  Ef f e ot  s 

The  :impleat  way  of  finding  out  whether  daily  exposure  to 
sunlight  produced  any  cumulative  effect  on  night  vision  is  to  study  the 
morning  one-hour  threshold  after  a night's  sleep  and  before  any  exposure 
to  sunlight.  From  the  detailed  data  in  the  Appendix  we  give  in  T&ble  III 
these  morning  measurements. 

There  are  several  ways  in  whioh  these  measurements  may  be 
treated,  from  following  eaoh  small  group  to  Raking  weekly  averages  of 
all  groups,  We  have  tried  a number  of  ways,  and  find  that  the  results 
are  muoh  the  same  any  way  the  data  are  examined!  compared  to  the  control 
group,  the  sunlight  groups  shows  a steady  rise  in  threshold  lihieh  reaches 
a maximum  in  about  ton  days,  and  then  remains  roughly  constant.  A simple 
way  of  demonstrating  this  is  as  follows. 


- 11  - 


( 


c 

It  is  apparent  from  Table  III  that  after  the  first  two  days, 
we  measured  2 sunlight  groups  and  2 control  groups  each  day,  exoept  at 
the  beginning  and  end  of  the  week  when  only  one  group  eaoh  was  measured* 
In  the  table  we  have  combined  the  measurements  of  the  daily  two  groups; 
these  are  in  columns 5 and  9 and  they  are  shown  graphically  in  Fig.  2. 

The  data  for  the  sunlight  group  and  for  the  control  group  are  drawn  sep- 
arately. 

Initially  the  two  groups  were  selected  so  as  to  have  almost 
identical  thresholds;  actually  they  differed  by  only  C .02  log  unit. 

After  this  almost  identical  beginning,  the  morning  thresholds  of  the  two 
groups  follow  divergent  courses.  The  control  group  threshold  decreases, 
at  first  rapidly  and  then  more  slowly,  while  the  sunlight  group  threshold 
rises  rapidly  and  then  settles  to  a level  maintained  approximately. 

The  deorease  in  the  oontrol  group  represents  the  improvement 
which  comes  with  practice  in  measurements  by  untrained  individuals. 

It  occurs  regularly,  and  is  of  the  same  order  of  magnitude  as  found  here. 
This  is  iwn  by  the  threshold  data  for  37  aviation  cadlets  at  Randolph 
Field  who  were  measured  over  a period  of  weeks;  their  •learning"  curve 
is  inoluded  in  Fig.  2 for  comparison.  The  control  group  continued  to 
show  a slight  improvement  as  long  as  it  stayed  indoors. 

The  sunlight  group,  on  the  other  hand,  began  to  show  higher 
thresholds  a week  after  the  start  of  t he  experiment,  even  though  4 of 
these  days  had  been  overcas't  or  rainy.  At  t’  • end  of  2 weeks,  the  aver- 
age threshold  of  the  sunlight  group  camo  down  slightly  and  then  levelled 
off. 
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INDOOR  GROUP 

CONTROL  GROUP  CURVE  ADJUSTED  TO 
LEVEL  OF  SUNLIGHT  GROUPS  AT  START 
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Tfhsn  the  groups  were  reversed  on  September  30  the  old  control 
group  threshold  (now  the  sunlight  group)  began  to  rise.  After  3 days  of 
bright  sunlight  the  rise  was  almost  0.1  log  unit  and  further  exposure 
caused  only  a slight  additional  rise.  The  original  s flight  group  (now 
the  indoor  group)  showed  praotically  no  ohange  for  the  10  days  they  were 
indoors. 

In  making  a quantitative  estimate  of  the  changes  caused  by 
sunlight,  we  must  include  the  imp rov>.  tent  in  threshold  shown  by  the  oontrol 
group.  There  is  no  reason  to  suppose  that  the  sunlight  group  did  not 
improve  in  a similar  way  j indeed  this  is  apparent  from  the  behavior 
of  the  first  few  points  of  this  group,  which  show  a decrease.  Thus 
the  oontrol  data  form  a base  line  for  the  sunlight  data;  this  is  in- 
dicated by  the  dotted  line  under  the  sunlight  measurements. 

Another  way  to  show  the  cu-  Native  effect  of  exposure  to  sun- 
light is  to  compare  the  distribution  of  thresholds  before  the  experi- 
ment with  those  after  the  two  groups  diverged.  In  Fig.  3 these  compar- 
isons are  made,  the  sunlight  group  being  drawn  on  the  left,  the  indoor 
group  on  the  right.  Since  the  number  of  subjects  is  small,  2 thresholds 
from  successive  morning  measurements  are  included  for  each  subject.  This 
brings  the  total  number  of  measurements  to  60  for  the  sunlight,  and  40 
for  the  indoor  group. 

As  before,  the  sunlight  group  shows  a small  but  definite  rise 
in  threshold  after  9 days  outdoors  even  though  4 of  these  days  wsre  over- 
cast* The  indoor  group  shows  a deorease  of  about  the  same  magnitude. 
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Ifhen  the  means  of  the  two  groups  are  oomparcd,  the  sunlight  group  la 
found  to  be  lower  than  the  control  by  0.02  log  unit  at  the  start,  but  la 
0.12  log  unit  higher  after  exposure.  This  change  of  0.14  log  unit  is 
equal  to  4.3  times  the  standard  error  of  the  difference  between  the  two 
means  after  exposure.  The  probability  that  this  difference  is  due  simply 
to  ohanoe  is  therefore  about  0.00002,  and  the  difference  is  c-:  »-tainly 
significant  by  this  test. 

3.  Daily  Effects 

The  measurements  in  the  Appe  dix  may  also  be  used  to  define 
more  continuously  than  in  Section  III  the  changes  in  night  vision  whioh 
occur  in  the  course  of  the  day  as  the  result  of  the  exposure  to  sun- 
light .on  that  day.  For  9 days  between  September  26  and  October  5 for 
each  group  which  was  exposed  to  sunshine,  we  measured  the  threshold 
after  one  hour  dark  adaptation  in  the  morning  before  the  exposure,  in 
the  afternoon  after  returning  from  beach,  in  the  evening  after  supper, 
the  next  morning  before  exposure  to  sunlight.  Similarly  with  each  in- 
door group  we  measured  the  one-hour  threshold  in  the  morning,  in  the 
afternoon,  and  next  morning. 

The  averages  of  these  9 series  of  determinations  are  shown  on 
Fig.  4.  It  is  apparent  that  the  one-hour  threshold  is  raised  by  0.14 
log  unit  due  to  sunlight,  and  that  this  rise  does  not  completely  disap- 
pear until  some  time  in  the  night.  By  the  next  morning  the  one-hour 
« 

threshold  is  practically  the  same  as  the  day  before. 
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VI.  MEANINGS 

From  all  of  these  experiments  we  may  cor.olude  two  things.  Ona 
la  that  night  vision  is  intarfarad  with  significantly  but  not  drastically 
for  a period  of  several  hers  after  a single  prolonged  exposure  to  sun- 
light. The  other  is  that  dally  exposures  to  sunlight  produce  a cumulative 
ohronlo  affect  on  night  vision  which  after  ten  days  has  about  the  sane 
magnitude  as  the  maximal  temporary  effect  of  a single  exposure. 

These  disturbances,  though  not  speotaeular,  are  real  and  signi- 
ficant. They  could  easily  be  made  more  striking  by  considering  what  hap- 
pens after  half-hour  dark  adaptation.  However,  half-hour  thresholds  after 
sunlight,  whilo  interesting  physiologically,  have  no  great  meaning  for 
servioe  conditions.  The  advantage  of  measuring  hour  thresholds  is  that 
dark  adaptation  is  complete  and  if  one  finds  an  influence  of  sunlight 
on  them,  one  oan  be  sure  that  results  are  meaningful. 

Tfe  may  now  consider  what  changes  these  threshold  rises  produoe 
in  night  visual  performance.  The  average  morning  threshold  rose  nearly 
0.15  log  unit  above  normal  after  ten  days,  individuals  varied  in  this 
respect)  soma  showed  only  a slight  rise,  while  12  out  of  50  men  showed 
rises  of  0.21  to  0.50  log  unit.  Calling  the  average  rise  of  0.15  log 
unit  the  ohronlo  affect,  we  must  remember  that  on  any  riven  evening  there 
will  be  also  a temporary  effaot  due  to  the  exposure  to  sunlight  on  that 
day.  In  the  early  part  of  the  night,  say  4 or  5 hours  after  exposure, 
this  additional  effect  is  about  0.05  log  unit,  which  when  added  to  the 
ohronlo  0.15  log  unit  rise  gives  a total  rise  of  0.2  log  unit. 
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Such  a rise  of  0.2  log  unit  has  a substantial  influence  on 
night  visual  performance.  Pig.  5 shows  the  relationship  between  illumin- 
ation and  the  frequency  with  which  a target  is  seen,  when  it  is  presented 
repeatedly.  This  relatior  holds  not  only  at  the  absolute  threshold  but 
at  various  levels  above  the  threshold,  as  has  been  ably  demonstrated  by 
ftkrtllne  and  others.  The  effect  of  raising  the  threshold  by  0.2  log 
unit  is  to  shift  the  whole  curve  to  the  right  to  higher  intensities 
by  a distance  of  0.2  log  unit.  The  result  of  such  a shift  nay  be  clar- 
ified by  examples. 

Suppose  the  brightness  and  other  conditions  are  such  that  a 
normal  observer  can  pick  up  a ship  or-an  airplane  nine  times  out  of  ten. 
This  brightness  is  shown  by  the  -ortical  line  at  the  right  on  Fig.  5. 

It  is  at  once  apparent  that  an  observer,  on  whom  exposure  tc  sunlight 
had  produced  an  average  efi’ect,  will  be  able  to  pick  up  the  same  target 
under  the  same  conditions  only  four  or  five  tir.es  out  of  ten.  This  re- 
presents a loss  of  50  per  cent  in  visual  effectiveness. 

Another  way  of  showing  the  injury  produced  by  sunlight  is  in 
Pig.  6,  whioh  reproduces  Koenig's  sta  for  the  relation  between  visual 
acuity  and  brightness  for  night  vision  only.  The  same  relationship  holds 
for  brightness  discrimination  and  also  for  the  range  at  which  an  objeet 
becomes  visible.  The  dotted  line  to  the  right  of  Koenig's  curve  repre- 
sents the  same  eurva  displaced  0.2  log  unit  to  the  right.  At  the  lower 
levels  representing  dark  nights  and  starlit  nights p the  shift  results  in 
a loss  in  visual  acuity  between  0.12  and  0.25  log  unit  depending  on  the 
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FIG.  5 BRIGHTNESS  AND  FREQUENCY  OF  SEEING 


place  on  the  curve.  This  is  o loss  varying  between  32  and  78  per  cent  in 
visual  aouity,  and  may  be  roughly  averaged  as  50  per  cent.  This  means 
that  a person  affected  by  sunlight  has  h\ s night  vision  impaired  so  that 
his  visual  acuity  is  out  in  half,  his  range  decreased  to  half,  and  the 
contrast  which  he  can  just  recognise  be  increased  by  50  per  cent  by  compari- 
son to  his  normal  self. 

All  these  deteriorations  in  visual  function  are  of  about  the 
same  order  of  magnitude  as  that  suffered  by  an  aviator  flying  at  night 
between  12,000  and  16 ,,000  feet  without  oxygen, 

VII.  SUNLIGHT.  ULTPAVIOLET,  SIGHT  VISION  ToSTS 

In  considering  the  magnitude  of  sunlight  effects,  it  is  well 
to  remember  that  September  and  October  are  not  very  sunny  months  at 
Camp  Lejeune  and  a number  of  overcast  and  rainy  days  interrupted  the 
exposures.  Moreover,  the  men  were  actually  at  the  beach  only  2 hours 
a day  for  the  first  two  weeks,  and  5 hours  a day  later  on.  It  may  be 
that  brighter  sunlight  as  in  the  tropics,  whi’e  coral  sand  as  on  atolls, 
and  more  prolonged  exposures  as  under  service  conditions  might  produce 
much  greater  effects.  It  would  indeed  be  desirable  to  investigate  this, 
beoause  even  greater  precautions  might  then  be  necessary  for  protecting 
individuals  who  are  designated  for  night  duty.  Our  experiments  alone 
do  not  warrant  extrapolation  of  tMs  kind,  since  the  injurious  effect 
of  exposure  was  just  as  great  during  the  first  two  weeks  as  it  was  later 
on  even  though  the  exposures  were  shorter  in  the  beginning.  Clearly  fur- 
ther work  is  indicated. 
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While  It  li  not  our  objeot  to  inquire  into  tho  physiological 

mechanisms  involved,  wv  ere  inclined  to  believe  that  it  is  the  visible 

pert  of  the  redietion  taet  is  effective.  Ultraviolet  forma  only-  e smell 

pert  of  the  redietion  reaching  the  oornee,  end  while  it  cen  burn  this 

pert  of  the  eye,  es  in  snow  blindness,  it  does  not  reech  the  retina  to 

any  appreciable  extent,  beoeuse  of  the  greet  ebaorpt ion  of  the  lens  end 

eye  media.  Nevertheless,  if  any  further  sunlight  studies  ere  made,  it 

0 

would  be  well  to  exolude  the  ultra-violet,  merely  to  have  the  informa- 
tion. 

Infra-red  rays,  though  they  oomprise  over  half  the  radiation 
on  a sunny  day  end  do  get  through  to  the  retina,  ere  probably  also  not 
responsible.  We  know  of  no  evidence  thet  infra-red  radiation  is  harmful 
unless  many  times  es  intense  as  it  is  in  the  brightest  daylight.  There 
are  oases  reported  of  retinal  burns  from  staring  at  the  sun,  but  thle 
did  not  ooour  in  our  experiments. 

a 

Usually  there  are  no  service  conditions  in  which  one  is  required 
to  beeome  dark  adapted  immediately  after  exposure  to  sunlight.  However, 
there  is  a situation  in  which  this  happens  ofte  ?.•••->.  deserves  to  be 
pointed  out.  This  is  during  measurements  for  the  classif  lost  ion  of  per- 
sonnel for  night  visual  capaoity.  Such  tests  are  most  often  made  during 
the  dey,  and  unless  special  precautions  are  taken  to  avoid  previous  ex- 
posure  to  sunlight,  or  even  to  a very  bright  sky,  individuals  may  sheer 
spuriously  high  thresholds  in  their  tests,  especially  if  they  have  been 
given  only  half-hour  dark  adaptation. 
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It  would  not  bo  surprising  if  this  wore  a foot or  in  some  of 
tho  eurious  results  occasionally  obtained  in  surveys  of  night  vision  and 
in  studies  of  test-retest  oOr relation  of  various  testing  devices* 

VIII*  THE  USE  OF  SPNOLASSSS 

There  exists  an  extremely  simple  preventative  for  avoiding 
the  ill  effeots  of  exposure  to  sunlight,  namely  adequate  sunglasses* 

Not  merely  sunglasses,  but  adequate  sunglasses. 

The  best  known  and  most  expensive  sunglasses  now  available  are 
designed  for  maximum  transmission  of  visable  radiation,  while  cutting 
out  as  muoh  as  possible  of  the  ultra-violet  and  infra-red.  As  a result, 
they  transmit  50  or  even  76  per  eent  of  the  light.  Such  sunglasses  would 
bo  of  little  value  in  preventing  injury  to  night  vision. 

Adequate  protection  ordinarily  can  be  afforded  by  glasses  having 
10jS  light  transmission,  but,  to  meet  general  service  requirements, 
transmission  may  have  to  be  set  at  the  slightly  higher  level  of  10  to 
15J«,  On  the  bright  tropio  atolls  and  in  the  sunny,  snow  covered  regions, 
it  would  be  better  to  have  them  transmit  no  more  than  5 per  oent  of  the 
light.  Such  glasses  would  transmit  ample  light  for  virtually  maximum 
visibility,  provided  the  day  ie  moderately  bright.  Naturally  they 
should  not  and  need  not  be  worn  on  heavily  overcast  days,  indoors,  or 
at  night* 

Sunglasses  should  be  secured  and  distributed  to  all  persons 
who,  while  working  in  bright  sunlight  during  the  day,  will  be  expeotod 
to  perform  night  duties  soon  afterward.  It  should  be  remembered  that 
whereas  the  transient  effeot  of  exposure  to  sunlight  disappears  over- 
night, it  has  a ehronio  cumulative  effect,  which  does  not  disappear 
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even  after  ten  days  protection. 

As  a guide  to  what  we  oall  "bright  sunlight”  the  subjective 
response  is  probably  reliable i light  which  oauses  squinting  or  dis- 
comfort  falls  in  this  category. 
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Table  III 


Morning  Thresholds  after  One  Hour  in  Darkness 


Date 

X - 1 

X - 2 

X - 9 Averai 

ee  of  X Groups 

H 

1 

O 

C - 2 

0*9  Average  of  C 

Sept.  5 

2.27 

2.25 

2.90 

2.27 

2.29 

2.26 

2.91 

2.29 

6 

2.23 

2.24 

2.29 

2.25 

2.29 

2.22 

2.29 

2.27 

7 

2.90 

2.20 

2.25 

2.26 

2.29 

2.26 

8 

2.29 

2.25 

2.24 

2.28 

2.27 

2.27 

9 

2.24 

% 

2.21 

11 

2.24 

2.24 

2.23 

2.22 

12 

2.26 

2.27 

2.26 

2.29 

2.20 

2.22 

IS 

2.92 

2.26 

2.29 

2.28 

2.31 

2.29 

14 

2.92 

2.92 

2.92 

2.16 

2.16 

2.16 

16 

2.36 

2.29 

2.92 

2.18 

2.28 

2.29 

16 

2.26 

2.26 

18 

2.44 

2.35 

2.24 

2.26 

19 

2.22 

2.47 

2.94 

2.18 

2.25 

2.22 

20 

2.27 

2.91 

2.29 

2.29 

2.25 

2.24 

21 

2.28 

2.92 

2.90 

2.92 

2.21 

2.26 

22 

2.27 

2.91 

2.29 

2.17 

2.18 

2.18 

25 

2.25 

2.14 

25 

2.28 

2.27 

2.29 

2.18 

26 

2.24 

2.29 

2.26 

2.21 

2.16 

2.19 

27 

2.12 

2.94 

2.29 

2.19 

2.16 

2.14 

28 

2.17 

2.22 

2.20 

2.09 

2.21 

2.15 

29 

2.27 

2.92 

2.29 

2.26 

2.12 

2.20 

90 

2.96 

» 

2.15 

Oot.  1 

X Groups 

oome  indooraj  C 

groups  co  out  to  beaoh, 

• 

2 

2.27 

2.16 

S 

2.22 

2.22 

2.22 

2.2S 

2.91 

2.28 

4 

2.28 

2.95 

2.31 

2.91 

2.20 

2.26 

5 

2.14 

2.40 

2.27 

2.22 

2.28 

2.19 

2.29 

6 

2.16 

2,25 

2.22 

2.27 

2.29 

2.29 

2.26 

7 

2.22 

2.29 

9 

2.16 

2.98 

2.25 

2.29 

2.99 

2.17 

2.28 

10 

2.16 

2.26 

2.36 

2.26 

2.24 

2.99 

2.29 

2.27 
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